Introduction
Immediate transition from intrauterine to extrauterine life (defined for this study as the first 15 min after birth) causes complex physiological processes affecting all vital organ systems [1] . During pregnancy the low-resistance placenta supplies the fetus with blood and oxygen. During fetal development, pulmonary vascular resistance remains high, the majority of the right ventricular output bypasses the lung and flows through the ductus arteriosus into the systemic circulation, whereas the left ventricular output (LVO) supplies the brain and the upper body. With the first breath immediately after birth, the pulmonary vascular resistance drops rapidly and the right ventricular output switches to the lungs [2] . In order to objectify the newborn's condition during this transition period, Virginia Apgar developed in 1953 a scoring system based on clinical assessments, which considers heart rate (HR), respiratory effort, reflex irritability, muscle tone and color [3] . However, a number of studies have already shown significant interobserver and intraobserver variability in clinical assessments of the newborn's condition [4, 5] . Therefore, more objective and reliable methods to evaluate the newborn infants' condition in the delivery room is needed. According to the latest resuscitation guidelines of the European Resuscitation Council [6] , the American Heart Association [7] and the International Liaison Committee on Resuscitation [8] , it is recommended, besides the clinical evaluation, to monitor arterial oxygen saturation (SpO 2 ) by using pulse oximetry in the delivery room. This enables noninvasive continuous monitoring of the SpO 2 as well as HR.
Clinical assessment and monitoring with pulse oximetry unfortunately does not always give information about potentially compromised cardiocirculatory status influencing oxygen transport to tissue. Further cardiocirculatory monitoring might therefore be useful to obtain information to guide hemodynamic management for optimizing not only SpO 2 , but also cardiocirculation to improve oxygen transport to tissue.
The aim of the present systematic qualitative review was to identify studies describing noninvasive cardiocirculatory monitoring during the immediate transition time defined as the first 15 min after birth.
Search Strategy and Study Selection Criteria
Articles were identified using the stepwise approach specified in the Preferred Reporting Items for Systematic Reviews and Meta-Analyses Statement [9] ( fig. 1 ). 
Search Strategy

Study Selection
Articles identified following literature review were evaluated independently by two authors (N.B., G.P.) for inclusion using the title and abstract. Where uncertainty remained regarding eligibility for inclusion, the full text was reviewed. Two reviewers independently identified relevant abstracts and critically appraised the full text of identified articles and assessed the methodological quality of included studies. All data were analyzed qualitatively. Data extraction included the characterization of study type, patient demographics, methods and results.
Results
The initial search detected 1,839 articles in PubMed and 950 in Ovid Embase; after removal of duplicates and rejection (e.g. no monitoring within the first 15 min after birth in human neonates; fig. 1 ), 17 studies were included in the qualitative review ( table 1 ). All 17 studies performed cardiocirculatory monitoring during the first 15 min immediately after birth in human neonates. Thirteen studies placed importance on continuous measurement of HR ( table 2 ) . Three of them used only electrodes [10] [11] [12] , two used electrodes and pulse oximetry [13, 14] , seven only pulse oximetry [15] [16] [17] [18] [19] [20] [21] and one did not mention the method of achieving HR [22] . Five studies described blood pressure (BP) during the defined transition period ( table 3 ) : one of them measured BP by the Doppler ultrasound method [23] ; the other four used the oscillometric technique to achieve the results [11, [24] [25] [26] . Four studies performed functional echocardiography during neonatal transition ( table 4 ) [11, 12, 20, 25] ; two in addition to BP monitoring [11, 25] and three in addition to HR monitoring [11, 12, 20] .
Discussion
The following parameters of cardiocirculatory monitoring have been described during the immediate transition period: HR, BP and cardiac function.
Heart Rate A rapid increase in HR immediately after birth is currently the most important parameter for adequate fetalto-neonatal transition [7] . If HR is <100/min, the international resuscitation guidelines suggest providing respiratory support [7] . However, HR <100/min has been reported to be common in term and preterm infants [17, 19] . Animal and human observational studies have reported two different patterns of HR changes during the immediate transition period [10, 27] . If cord clamping was performed before lung aeration occurred, a significant decrease in HR was observed [10] . However, if lung aeration was achieved before cord clamping, HR remained similar before and after cord clamping [10] .
Changes in HR at birth are also affected by mode of delivery and maternal anesthesia. Several studies reported that vaginally delivered neonates had significantly higher HR compared to neonates born by caesarean section, which could also be an effect of maternal general anesthesia [18, 19] . In addition, vaginally born neonates with maternal epidural anesthesia had initially higher HR compared to neonates whose mothers did not receive any analgesia [15] . Between vigorous and slightly depressed term vaginally delivered newborns, no difference in HR was observed [22] .
In healthy term and late-preterm (>32 weeks' gestation), several studies have reported that it can take several minutes until an increase in HR is observed [19] . In comparison, two different patterns of HR increase have been observed in infants requiring respiratory support [28, 29] . Resuscitation, either with 100% oxygen or with 104 air in preterm neonates, had a similar effect on HR with a rising tendency [17] . Kopotic and Lindner [16] reported similar observations during resuscitation with 100% oxygen in a small number of extremely preterm neonates.
Several studies have compared HR monitoring using electrocardiography (ECG) with pulse oximetry and reported very good accuracy between ECG with pulse oximetry [14] . However, it has been reported that ECG placement can be applied more quickly compared to pulse oximetry [30] .
An increase of HR during the first minutes after birth was observed in several studies in neonates without any need of medical support [19, 22] as well as in neonates with respiratory support [17, 18] . Three studies reported different findings concerning the course of HR: Toth et al. [15] and Noori et al. [20] described a decreasing tendency of HR in vaginally delivered newborn infants without any medical support, and van Vonderen et al. [11, 12] reported in two separate studies no significant change of HR (measured by applying electrodes) in the first 10 min in term newborn infants. This has led to the development of reference ranges describing HR in healthy term and late-preterm (>32 weeks' gestation) neonates without the need of any medical support in the first 10 min [19] . After midwifery-supervised uncomplicated vaginal birth, healthy neonates had significant lower values of HR and slower increase of HR in the first 3 min after birth compared to the international defined reference ranges [21] .
Blood Pressure BP is a composite of cardiac function and peripheral circulation as determined by cardiac output (CO) and systemic vascular resistance, respectively, and is therefore an important indicator of appropriate circulation. Recently, the reference ranges of BP in preterm and term neonates during the immediate transition have been established [26] . Further studies have reported comparable values of BP changes during the immediate transition period in term infants without any need of medical support [11, [23] [24] [25] . BP values have been described to be lower in preterm infants compared to term infants and increase with increased gestational age [24, 26] . Neonates after vaginal birth had significantly higher BP values compared to neonates born via caesarean section [23, 24, 26] . In addition, female neonates had higher mean systolic BP compared to male neonates [24] . Neonates recovering from asphyxia, exposed to maternal antihypertensive therapy and those born to mothers receiving thiopental within 4 min prior to delivery showed decreased BP, suggesting neonatal cardiocirculatory impairment immediately after birth [23] .
Invasive BP measurement is not feasible during the immediate transition period and resuscitation. Therefore, the Doppler ultrasound and oscillometric method represent possibilities to measure BP noninvasively, whereby the oscillometric method is easier to apply than the Doppler ultrasound.
Cardiac Function
Stroke volume determines HR and cardiac output at beside. In term neonates, three studies reported an increase in LVO and left ventricular stroke volume (LVSV) within the first 10 min [11, 12, 20] . Winberg et al. [25] reported higher LVO and LVSV at 15 min after birth in 16 term neonates delivered by caesarean section compared to vaginally born neonates. Two other recent studies reported that LVO and LVSV have similar patterns of increase in neonates born either vaginally or via caesarean section [11, 20] . However, the reported difference in LVO and LVSV might be explained by the use of different techniques between the studies. In addition, shunting through a persistent ductus arteriosus has been described, becoming increasingly more left to right during the first 10 min after birth [12, 20] .
Limitations
Evaluation of HR during immediate transition is recommended and already used to guide resuscitation. Pulse oximetry besides ECG is a noninvasive and continuous method to monitor the HR during immediate transition. It has been shown that ECG gets reliable signals more quickly than pulse oximetry [30] ; however, applying ECG would be a further maneuver during neonatal resuscitation since the monitoring of SpO 2 by applying pulse oximetry is already recommended in the latest resuscitation guidelines [6] [7] [8] , and it provides continuous monitoring of both SpO 2 and HR. Nevertheless, when using pulse oximetry, clinicians have to be aware of possible artefacts due to movements and manipulation.
Measuring BP noninvasively with the Doppler ultrasound as well as with the oscillometric method is absolutely feasible during neonatal transition, but the use of BP monitoring is limited due to the inability to measure BP continuously. Although these two methods measured comparable values of BP, the oscillometric method is eas-ier to apply and therefore the practicability of the oscillometric method would be higher in the delivery room management setting.
Echocardiography has the ability to noninvasively measure cardiac functions during the immediate fetalto-neonatal transition. However, the use of echocardiography is limited due to (1) inability to measure cardiac function continuously, (2) dependence on ability and experience of the examiner, (3) parameters need to be defined prior measurements to limit time on echocardiography and not to interfere with resuscitation procedures, and (4) currently no reference values during immediate transition period are available.
Conclusion
Cardiocirculatory monitoring provides additional information and might be helpful to guide further hemodynamic management in the future. Ideally, cardiocirculatory monitoring should be noninvasive and provide reliable data continuously. Currently, noninvasive monitoring is routinely used to measure HR continuously during the immediate neonatal transition. New technologies of continuously measuring BP and cardiac function noninvasively might offer further insights in cardiovascular transition in the future.
In order to optimize the oxygen supply and to guide oxygen therapy, pulse oximetry is recommended in neonatal resuscitation guidelines. Although pulse oximetry and ECG enables monitoring HR continuously, it does not always provide information about potentially compromised cardiocirculatory status influencing oxygen transport to tissue.
Measuring BP noninvasively though noncontinuously might be of some value in the future, considering that reference rages have recently been established.
Echocardiographic monitoring during the immediate transition period will improve knowledge about cardiac function changes, but introduction in clinical routine remains questionable.
Disclosure Statement
The other authors have no conflicts of interest to disclose. The authors have no financial relationships relevant to this article to disclose. No external funding was secured for this study. G.M.S. is a recipient of a Banting Postdoctoral Fellowship, Canadian Institutes of Health Research and an Alberta Innovates -Health Solutions Clinical Fellowship.
